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doi:10.1016/j.ejvs.2010.08.024Abstract Objective: To evaluate the outcome of hybrid treatment of the aortic arch with
supra-aortic debranching and endovascular stent-graft repair in a selected group of patients
with complex disease.
Design: Case series study with retrospective analysis of prospectively collected non-rando-
mised data.
Methods: Patientswithhybrid repair ofcomplexarchdiseaseata singlecentreovera6-yearperiod
were enrolled in the study. Only patients with extensive arch pathologies requiring debranching of
at least the left carotid artery were considered. Patients were divided into those who underwent
completeandpartial supra-aortic revascularisation.Thec2 testwasusedtoevaluatedifferences in
outcomes. Logistic regression analyses were applied to identify predictors of poor outcome.
Results: A total of 33patientswere included in the study.Completeandpartial arch repairwasper-
formed in nine and 24 patients, respectively. The aortic disease extended to the thoracic and
abdominal aorta in 39% and 52% of the patients, respectively. One-third of the patients (30%) were
treatedonanurgent/emergencybasis. Elective 30-daymortality andmorbidity rateswere13%and
35%, respectively. Early mortality was significantly higher in the complete arch repair group
(pZ 0.046). Pre-existing renal impairment was identified as a poor prognostic factor. All extra-
anatomic bypasses remained patent and no aortic disease-related deaths occurred during a mean
follow-up period of 23 months (range, 1.5e58 months). Complete arch repair was associated with
an increased incidence of late endoleak (pZ 0.018).
Conclusions: Hybrid treatment of the aortic arch provides a feasible alternative treatment in
patients who are high risk for conventional open surgical repair. Careful selection of patients is
required to achieve satisfactory results.
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716 G.A. Antoniou et al.The conventional treatment of the aortic arch consists of due to extensive aneurysmal involvement of the arch and anopen surgical repair with cardiopulmonary bypass and deep
hypothermic circulatory arrest. However, conventional
open repair is associated with substantial morbidity and
mortality, despite improvements and refinement of these
procedures and significant advances in perioperative
care.1e4 Endovascular stent-graft technology has provided
vascular and cardiovascular interventionalists with a less
invasive therapeutic method of treating thoracic aortic
disease. However, the aortic arch presents specific chal-
lenges to this treatment, which mainly relate to the angu-
lated morphology and the involvement of the supra-aortic
branches. Fenestrated and branched stent-graft technology
is at the early stage of development; therefore, hybrid
repair with extra-anatomical revascularisation of the arch
vessels and subsequent stent grafting of the aorta is
a pragmatic alternative for selected patients.5
There are limited studies reporting encouraging results
with this innovative treatment, but they are restricted by the
small numbers of patients and relatively short follow up.6e13
The purpose of the present study was to present our initial
experience, and provide an analysis and evaluation of short-
and medium-term results in a larger group of patients.Methods
Study design
An analysis of all patients with complex aortic arch disease,
who underwent hybrid open surgical supra-aortic debr-
anching and endovascular stent-graft repair, was under-
taken. This is a retrospective analysis of data prospectively
collected on departmental computerised databases. All
procedures were performed at St. Mary’s Hospital, Imperial
College Healthcare NHS Trust, London, between August 2003
and December 2009. The operative and endovascular
procedures were performed either together or staged, and
all patients provided informed consent for both parts of the
treatment.
Patient selection and data collection
Our institution is a referral centre for complex thoraco-
abdominal aortic disease, and patients considered high risk
for conventional open repair of the aortic arch are referred
for a vascular opinion and potential management. The study
cohort involved patients, who were referred for treatment
of complex aortic arch pathologies. Urgent or emergency
cases were also included in the study. Indications for treat-
ment included thoracic/thoraco-abdominal aortic aneu-
rysm, dissection, pseudo-aneurysm and transection of the
aorta. Only patients with a reasonable size of aneurysm
(>6 cm) were considered for hybrid treatment. Operative
treatment of the aortic pathology was declined to patients
with significant co-morbidities, who were considered high
risk for any intervention, and to those with a limited life
expectancy. All patients considered for treatment were
discussed in our multidisciplinary forum. Hybrid treatment
was selected for those patientswhowere deemed unsuitable
for conventional endovascular thoracic stent-graft repairinadequate proximal landing zone. A length of at least 15mm
along the lesser curvature of the aortic arch and a maximum
diameter of the proximal aortic neck of 38 mm were regar-
ded as safe anatomical criteria for stent grafting alone
without supra-aortic debranching. Pre-procedure planning
was conducted using computed tomographic (CT) angio-
grams of the thoracic/abdominal aorta and iliac arteries.
Routine preoperative work-up included lung function tests,
dynamic cardiac assessment with stress echocardiography
and carotid/subclavian duplex ultrasound scanning. Specif-
ically, the vertebral arteries were assessed in all patients
with both CT angiography and duplex ultrasonography, and
dominance was determined by experienced radiologists and
vascular technologists. Demographic, imaging and clinical
data extracted from prospectively collected computer-
based databases, hospital charts and operative and outpa-
tient records were entered into a purpose-designed
database for analysis. Details regarding the causes of death
on follow up were extracted from death certificates and
general practitioner (GP) records.Surgical techniques
Single- or two-stage repair was decided on an individual
basis, taking into account patient age, co-morbid condi-
tions and aneurysm size and risk of rupture. All hybrid
procedures performed in one stage took place in the
surgical operating theatre, equipped with a portable digital
angiographic system using a C-arm. In cases requiring
staged endovascular stent grafting, the second endovas-
cular part of the aortic arch repair was performed in an
angiography suite appropriate for open surgical procedures.
All procedures were performed under general anaesthesia.
Cerebral neuromonitoring with cerebral oxymetry was used
in all cases, whereas intra-operative trans-oesophageal
echocardiography to monitor cardiac function was selec-
tively used in patients with severe cardiac disease to
optimise fluid management. Spinal drain was routinely used
in cases where the whole thoracic aorta was covered or in
patients, who had their thoraco-abdominal/abdominal
aorta previously repaired.
The first part of the hybrid procedures consisted of
surgical debranching of the aortic arch, to achieve an
adequate proximal landing zone for successful stent-graft
placement and sealing. Classification of the thoracic aortic
landing zones determined the type of supra-aortic
debranching.14,15 In patients with a proximal landing zone 0,
a complete supra-aortic revascularisation with a bifurcated
graft from the ascending aorta to the innominate and left
carotid artery was performed. Partial arch repair or hemi-
arch transposition was undertaken when the aortic
pathology extended to zone 1, in which cases an extra-
anatomic right-to-left carotid bypass was performed.
Revascularisation of the left subclavian artery, in addition to
debranching of the innominate and left carotid artery, was
selectively performed, taking into account clinical, haemo-
dynamic and imaging data. Specific indications for revascu-
larising the left subclavian artery included previous coronary
artery bypass grafting with patent left internal mammary
artery, right vertebral artery occlusion, diseased vertebro-
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and repair of the thoraco-abdominal/abdominal aorta as
a concomitant procedure to arch hybrid repair. The second
part of the procedure consisted of stent-graft deployment to
exclude aortic pathology. The transfemoral approach for
endovascular access was used in all but one case, where
stent-graft access was through sternotomy and ascending
aortic Dacron graft. Several commercially available stent-
graft systems were employed. Balloon dilatation was selec-
tively performed when a residual endoleak was noticed.
Definitions and outcome endpoints
Outcome criteria and definitions, including technical
success, significant inpatient morbidity and death, were
based on recommended reporting standards for endovas-
cular aortic aneurysm repair, published by the Ad Hoc
Committee for Standardized Reporting Practices in Vascular
surgery.16 Paraplegia or paraparesis observed immediately
or upon awakening was defined as immediate neurologic
deficits. Those occurring after a period of normal neuro-
logic function were classified as delayed deficits. Technical
success, operative (30-day) mortality and morbidity were
defined as primary outcome endpoints, whereas secondary
outcome measures included late-onset endoleak, late
(after 30 days) morbidity and mortality. All patients
underwent contrast-enhanced CT scan before discharge,
and entered a follow-up surveillance protocol that con-
sisted of a CT scan and review in the vascular outpatient
clinic at 6-monthly intervals in the first year and yearly
thereafter.
Statistical analysis
Statistical analysis was performed with a computer-based
statistical software package (Statistical Package for Social
Sciences (SPSS) 15 for Windows, SPSS Inc., Chicago, IL,
USA). Differences between the groups were tested for
statistical significance using the independent t-test for
continuous variables, and the c2 test or Fisher’s exact test
for categorical variables as appropriate. Furthermore,
potential factors associated with poor perioperative
outcome were assessed, and a univariate model was fit for
each covariate. Exploratory data analyses checked the
distribution of values, and significant predictors at level
p < 0.05 were identified. Forward logistic regression anal-
ysis was then applied to adjust for confounding variables
and identify significant independent predictors of outcome.
All statistical tests were two-tailed, and statistical signifi-
cance was assumed at p < 0.05.Results
Patients and procedures
Over a 6-year period, 33 consecutive patients underwent
hybrid treatment of the aortic arch. Of these, nine patients
had a total arch rerouting with a bifurcated graft from the
ascending aorta to the innominate and left common carotid
artery, and 24 patients underwent a partial arch repair withan extra-anatomic carotidecarotid crossover bypass. The
demographic characteristics of the study groups are out-
lined in Table 1. 23 patients (70%) were referred for an
elective repair of the arch pathology, whereas five patients
(15%) presented urgently with symptomatic disease, and
another five patients (15%) presented as an emergency,
with haemodynamic instability or end-organ ischaemia,
treated within 24 h of presentation. The aortic arch
pathology was an atherosclerotic aneurysm or aneurysmal
dilatation of a dissection in 26 cases (79%), aortic dissection
in four cases (12%) and pseudo-aneurysm in two cases (6%),
and an acute transection of the aorta was treated as an
emergency with hybrid repair in another case (3%). The
mean aortic diameter in patients treated for an aneurysm
was 7.2 cm (range, 6e10.5 cm). All cases of aortic dissec-
tion were either urgent or emergency cases, presenting
with end-organ ischaemia and treated with hybrid repair of
the aortic arch. The pseudo-aneurysm resulted from
previous coarctation repair in one patient, and was post-
traumatic in another 75-year-old male patient, who was
treated on an emergency basis. The arch pathology was
localised in the aortic arch in three cases (9%), involved the
arch and the whole thoracic aorta in 13 patients (39%) and
extended down to the abdominal aorta in the remaining
cases (17 patients, 52%). A previous history of aortic surgery
was present in 14 patients (42%), and consisted of open or
endovascular abdominal aortic aneurysm repair, hybrid or
conventional open treatment of thoraco-abdominal aortic
aneurysm, endovascular repair of descending aortic
pathologies and open repair of the ascending aorta and
proximal aortic arch. One patient had a history of an open
repair of coarctation of the aorta in childhood and subse-
quently developed a para-anastomotic pseudo-aneurysm,
which was treated with hybrid repair. Two patients (6%)
underwent concomitant aortic procedures performed in the
same setting of the arch hybrid repair; these procedures
were endovascular abdominal aortic aneurysm repair in one
case and a hybrid repair of a thoraco-abdominal aneurysm
in another case. The Valiant device was used in majority of
cases (21 patients), whereas the Gore TAG and the Talent
device were used in seven and five cases, respectively.
Stent grafts extended to at least the descending thoracic
aorta (distal landing zone 4) in all patients. In three
patients, the distal landing zone was at the mid-thoracic
level (distal landing zone 4, thoracic segments T6eT8),
whereas the rest of the patients had their entire thoracic
aorta stented (distal landing zone 4, thoracic segments
T11eT12). Two patients, who had a visceral hybrid repair
(as a simultaneous or previous procedure), had their entire
thoracic and abdominal aorta covered with stent grafts
(Table 2). No statistically significant differences in the
demographic, clinical and pathology characteristics
between the two groups were identified (Table 1).
However, the complete arch group had an increased inci-
dence of a concomitant aortic procedure compared with
the partial arch repair group (p Z 0.017).Perioperative outcome
Stenting was possible and completed in all patients selected.
Complete technical success was achieved in 27 out of the 33
Table 1 Demographic and clinical characteristics of the study groups.
Type of supra-aortic
debranching
Total hybrid
procedures
n Z 33 (%)
Complete arch r
epair n Z 9 (%)
Partial arch
repair n Z 24 (%)
p
Mean age (years) 63 (range, 31e87) 66 (range, 53e77) 62 (range, 31e87) ns
Male/female 26 (79%)/7 (21%) 6 (67%)/3 (33%) 20 (83%)/4 (17%) ns
HTN 28 (85%) 7 (78%) 22 (92%) ns
DM 2 (6%) 0 (0%) 2 (8%) ns
CAD 7 (21%) 1 (11%) 6 (25%) ns
Dislipidaemia 14 (42%) 3 (33%) 11 (46%) ns
Smoking 14 (42%) 5 (56%) 9 (38%) ns
COPD 6 (18%) 1 (11%) 6 (25%) ns
Renal impairment 6 (18%) 0 (0%) 6 (25%) ns
Previous aortic procedure 14 (42%) 2 (22%) 12 (50%) ns
Pathology
Aneurysm 26 (79%) 9 (100%) 17 (71%) ns
Dissection 4 (12%) 0 (0%) 4 (17%)
Other 3 (9%) 0 (0%) 3 (13%)
Mode of admission
Elective 23 (70%) 7 (78%) 16 (67%) ns
Urgent 5 (15%) 1 (11%) 4 (17%)
Emergency 5 (15%) 1 (11%) 4 (17%)
Disease extent
Focal 3 (9%) 0 (0%) 3 (13%) ns
Thorax 13 (39%) 4 (44%) 12 (50%)
Thorax & abdomen 17 (52%) 5 (56%) 9 (38%)
Adjunctive aortic procedure 2 (6%) 2 (22%) 0 (0%) 0.017
Spinal drain 28 (85%) 9 (100%) 19 (79%) ns
2 stage repair 3 (9%) 1 (11%) 2 (8%) ns
HTN, hypertension; DM, diabetes mellitus; CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; ns, not
significant.
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leak in all six patients. Endoleak was noticed on completion
angiogram and did not resolve with balloon dilatation and/or
stent-graft extension. Perioperative complications, occur-
ring within 30 days of intervention, affected 13 patients
(39%). The elective and urgent/emergency morbidity rates
were 35% and 50%, respectively. The most common compli-
cations in order of frequency were renal impairment
requiring temporary dialysis (18%), pulmonary complications
(12%), stroke (12%), spinal cord ischaemia (6%) and adverse
cardiac events (6%). The two patients who developed spinal
cord ischaemia had permanent paraplegia without any
recovery. Both patients were treated electively and
remained cardiovascularly stable during the perioperative
period. Spinal cord ischaemia had an immediate presenta-
tion. Endoleak occurring either intra-operatively or within 30Table 2 Proximal and distal landing zones.
Pro
Distal landing zone Zon
Proximal thoracic 0
Mid-thoracic 0
Distal thoracic 8
Abdominal 1days of intervention developed in 14 patients (42%). Of
these, three had type Ia endoleak alone, four had both type
Ia and type Ib or type II endoleak, three patients had type Ib
endoleak and another four patients developed type II
endoleak from the left subclavian artery. No differences in
the frequency of early-onset (within 30 days) endoleak and
overall morbidity rates between the complete and partial
arch repair groups were identified. However, complete
supra-aortic debranching was associated with an increased
incidence of acute renal failure (44% vs. 8%, pZ 0.017) and
spinal cord ischaemia (22% vs. 0%, p Z 0.017, Table 3).
Seven patients died within 30 days (21%). The elective and
urgent/emergency mortality rates were 13% and 40%,
respectively. Two deaths occurred on table, one due to
retrograde aortic dissection during stent-graft insertion and
another due to hypovolaemic shock in a case of anximal landing zone
e 0 Zone 1
0
3
20
1
Table 3 Outcome after hybrid aortic arch repair.
Type of supra-aortic
debranching
Total hybrid
procedures n Z 33 (%)
Complete arch
repair n Z 9 (%)
Partial arch
repair n Z 24 (%)
p
Technical failure 6 (18%) 2 (22%) 4 (17%) ns
Early endoleak 14 (42%) 4 (44%) 10 (42%) ns
30-day morbidity 13 (39%) 5 (56%) 8 (33%) ns
Stroke 4 (12%) 1 (11%) 3 (13%) ns
Paraplegia 2 (6%) 2 (22%) 0 (0%) 0.017
Renal failure 6 (18%) 4 (44%) 2 (8%) 0.017
Cardiac events 2 (6%) 1 (11%) 1 (3%) ns
Pulmonary events 4 (12%) 2 (22%) 3 (13%) ns
Overall 30-day mortality 7 (21%) 4 (44%) 3 (13%) 0.046
Elective 30-day mortality 3/23 (13%) 2/7 (29%) 1/16 (6%) ns
Late morbidity 6/26 (23%) 2/5 (40%) 4/21 (19%) ns
Late mortality 5/26 (19%) 1/5 (20%) 4/21 (19%) ns
Late endoleak 9/26 (35%) 4/5 (80%) 5/21 (24%) 0.018
ns, not significant
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dissection occurred in a 53-year-old male patient, who was
urgently treated for a symptomatic 10 cm aortic aneurysm. A
Valiant stent-graft device was deployed after complete
supra-aortic debranching, and the dissection was presumed
to have resulted from wire manipulation within the aortic
arch. Other causes of death included a cerebrovascular
event in two patients, myocardial infarction, cardiac arrest
and hypoxic brain injury in another two patients and multi-
organ failure in one case. Patients, who underwent
a complete arch repair, had increased overall 30-day
mortality rate compared with those having undergone
partial arch repair (44% vs. 13%, p Z 0.046, Table 3).
Differences in elective mortality between the two groups did
not reach statistical significance (29% vs. 6%, p Z 0.144,
Table 3).
The relationship between preoperative risk factors and
outcome as expressed by 30-daymortality andmorbidity was
evaluated using univariate logistic regression analysis. All
parameters listed in Table 1 were included in the analysis of
potential determinants of outcome. The only variables
significantly associatedwith poor outcomewere pre-existing
renal impairment, defined as serum creatinine greater than
180 mmol l1 (odds ratio (OR) 8.50; 95% confidence interval
(CI), 0.87e83.49; p Z 0.039), and urgent or emergency
operation (OR 4.38; 95% CI, 0.88e21.70; p Z 0.062).
Predictive parameters for poor outcome were further
assessed using multiple logistic regression analysis by
including all factors with a p< 0.2 in the univariate analyses
in a full model. None of the above variables remained
independent predictors for complications or death in theTable 4 Predictive factors associated with poor outcome.
Risk factor Univariate model OR (95% CI
Renal impairment 8.500 (0.865e83.493)
Urgent/emergency operation 4.375 (0.882e21.707)
Complete arch repair 3.333 (0.664e16.736)multivariate final model, even though renal impairment had
an adjusted p value of 0.066 (Table 4). Five out of the six
patients with preoperative renal impairment had a poor
perioperative outcome (83%), whereas the corresponding
value for those without renal impairment was 37% (10/27
patients, pZ 0.039).
Outcome on follow-up
The mean follow-up period for the whole study population
was 23 months (range, 1.5e58 months). One patient was
lost to follow-up. All endografts and supra-aortic bypass
grafts remained patent during follow up. Late (up to the
end of follow-up) morbidity and mortality occurred in 23%
and 19% of patients, respectively. None of the late deaths
was associated with the aortic pathology or previous
intervention. Morbidity was due to transient cerebrovas-
cular episodes in two patients, cardiac complications in
another two patients, and was associated with a ruptured
iliac artery in one patient. One patient developed infection
of the carotid crossover graft 2 months after the hybrid
procedure, and was treated with removal of the prosthetic
graft and re-do carotidecarotid crossover using the long
saphenous vein as a conduit. Persistent early- and late-
onset endoleak detected on surveillance CT scans was
noticed in nine patients (35%). Three patients had type Ia
endoleak, which was managed expectantly with close
surveillance, as no increase in aortic sac diameter on serial
CT scans was noticed. Of the three type II endoleaks, two
were managed conservatively, and the third was success-
fully treated with left subclavian artery embolisation. One) Univariate model p value Final model p value
0.039 0.066
0.062 0.561
0.134 0.888
720 G.A. Antoniou et al.type III endoleak required stent-graft realignment, whereas
an expectant policy was followed for two type Ib endo-
leaks. Total aortic arch repair was associated with an
increased incidence of endoleak in the follow-up period
compared with the partial arch repair group (p Z 0.018,
Table 3).Discussion
Even though open surgical repair is considered the treatment
of choice for aortic arch disease in low-risk patients, such
invasive surgery is accompanied by significant in-hospital
mortality rates, which, in several large series, exceed
20%.4,17,18 Furthermore, these procedures are associated
with high frequency of transient or permanent neurological
and cognitive deficits, whose rates range between 3% and
17%.1e4 Hybrid repair of the aortic arch with supra-aortic
debranching prior to stent-graft deployment provides the
advantage of reducing invasiveness by avoiding aortic cross-
clamping and circulatory arrest.14,19 However, there still are
difficulties with the application of endovascular techniques
in an anatomically challenging area, which are related to
arch angulation, high blood flow and substantial pulsatile
movement of this portion of the aorta.
The present study describes our experience of a larger
series with longer follow-up compared with previously
published reports. Only high-risk patients with significant
co-morbidities, who were excluded from conventional open
surgical repair, were considered for hybrid repair and
enrolled in the study. The present cohort includes complex
aortic disease, which, in more than half of the patients,
extended to the abdominal aorta, and 91% involved treating
the arch and the entire descending aorta. Furthermore,
even though literature provides a baseline upon which
innovative endovascular techniques may be assessed,
direct comparisons with open surgical treatment is not
feasible, mainly because of the surgical risk discrepancy
between the study groups considered for open and hybrid
repair. Recently published pooled analysis of the reported
outcomes of previous series of hybrid aortic arch repair
found a perioperative morbidity and mortality rate of 21%
and 9%, respectively.20 However, most of the series
included in this systematic review contained small numbers
of patients, increasing the possibility of being affected by
publication bias. Furthermore, the aortic pathology and
clinical details including the mode of presentation were not
reported in many of these studies, which make comparisons
of operative outcomes difficult. In addition, no reporting
standards for documentation of complications and deaths
were used by most of these studies, resulting in conflicting
results and lack of uniform reported outcomes.
The present series has also demonstrated a greater
incidence of early-onset endoleak. Five of the 15 patients
who developed endoleak required further treatment with
either stent-graft extension for types Ia and Ib endoleaks or
coil embolisation for type II endoleaks from the left
subclavian artery. Seven endoleaks were observed during
the follow-up period, which underlines the necessity for
close surveillance in these patients. Closer surveillance is
particularly required for patients undergoing complete arch
repair, as, from our analysis, it was found that this group ofpatients was associated with a significantly increased
frequency of late-onset endoleak. The fact that zone
0 repair was associated with increased incidence of late
endoleak may reasonably be explained by the fact that the
stent graft is placed more proximally in the angulated
aortic arch, which is an anatomically challenging area.
Despite obtaining a longer landing zone in zone 0 cases, the
late endoleaks probably represent lack of conformability.
Furthermore, anatomical factors should carefully be
considered with high-quality CT angiography before
embarking on stent grafting of difficult arch anatomy to
achieve higher technical success rates and reduce the
incidence of endoleak.
To further analyse the outcomes of hybrid treatment of
the aortic arch and obtain homogenous groups with regard
to the operative treatment, we divided the study pop-
ulation into complete and partial arch repair groups. The
operative and technical characteristics (sternotomy vs.
neck incisions, bilateral vs. unilateral carotid revascular-
isation) are different in the two groups as well as the length
of the aortic arch stented; thus, the outcome was sepa-
rately assessed for complete and partial arch repair. Our
analysis found no differences in technical success, early-
onset endoleak and 30-day morbidity rates, whereas 30-day
mortality was significantly increased in the complete arch
repair group. Furthermore, paraplegia and renal failure
were more common in patients having undergone complete
repair of the aortic arch. These figures may be explained by
the increased incidence of adjunctive aortic procedures
involving stent grafting of the infrarenal or thoraco-
abdominal aorta in this group of patients. However, larger
numbers of patients are required to allow us to reach
definite conclusions regarding the outcomes in the two
groups of patients. Similar to previous series, the incidence
of stroke remained significant, whereas permanent para-
plegia affected two patients, one of whom had previous
open infrarenal aortic aneurysm repair. The mechanisms
and underlying aetiology of neurological deficits are poorly
defined. It seems, however, that embolic events and hae-
modynamic changes in the cerebral circulation are signifi-
cant contributors to perioperative cerebrovascular events.
Careful preoperative assessment of the extracranial and
intracranial circulation as well as intra-operative measures,
such as cautious manipulation of central vessels during
debranching and endovascular manoeuvres, might reduce
the incidence of these formidable complications. The
patients who developed lower limb paralysis had a spinal
drain inserted, underwent stent grafting of the whole
thoracic aorta (distal landing zone 4), and one of them had
previously undergone infrarenal aortic aneurysm repair.
Mechanisms of spinal cord injury include the length of
aortic coverage and peri/postoperative hypotension, as
spinal cord perfusion pressure is directly related to
systemic blood pressure and inversely proportional to cer-
ebro-spinal fluid pressure.21 In addition, careful preopera-
tive consideration should be given to previous history of
treated aortic disease and the extent of the aorta that has
to be treated.
Risk factor analysis found that pre-existing renal
impairment, urgent/emergency operation and total arch
repair were poor prognostic indicators, with renal impair-
ment being the strongest factor in the univariate model.
Hybrid Repair of the Aortic Arch with Extensive Aortic Disease 721Careful selection of patients, taking into consideration
clinical and anatomical imaging features, might diminish
complication and technical failure rates. Furthermore,
newer stent-graft devices with increased arch conform-
ability may be associated with better results in terms of
technical success and early and late endoleak rates.
Conclusions
Hybrid treatment of the aortic arch with supra-aortic
debranching and endovascular stent-graft repair provides
a feasible alternative treatment in patients who are high-
risk for conventional open surgical repair. However, peri-
operative morbidity and mortality rates remain significant.
Careful selection of patients and consideration of
anatomical features are required to achieve satisfactory
results. Newer stent-graft devices with increased con-
formability may be associated with improved results.
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